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ABSTRACT
Mexico City was founded 700 years ago on man made
islets in the middle of a lake. Today, it faces a contradictory
situation were water is running scarce, but simultaneoulsy the
city runs the risk of drowning in its own sewage.
A series of past projects -all addressingthe hydrological
imbalance- outline a lineage that makes pin pointing the
intellectual coordinates of the present project easier.
Taking Mexico City's Metropolitan Basin as an excuse,
this thesis aims at sistematizing an approach to deal with
projects at scales that oscillate between the metropolitan
region and the watershed. Synthetic Ecology is proposed for
this purpose as the pluralistic and inclusive coexistence of
urbanism, landscape design and engineering understood as
autonomous fields.
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INTRODUCTION
The thesis proposal lies in the overlap between
urbanism, infrastructure and landscape. The brandishing of
terms such as Infrastructural Urbanism [Allen], Landscape
Ecology [Forman], Landscape Urbanism [Waldheim],
Landscape Architecture [Corner] and Landscape as
Infrastructure [Belanger] is symptomatic of the increasing
inability of individual disciplines to tackle systemic challenges.
However, it could be argued that coupling terms in binaries
predisposes the roles of "modifier" and "modified" whereas
changes in these fields influence each other in a disciplinary-
agnostic continuum.
For the urban, the notion of ecological footprint implies
that a city and its surroundings are no longer discrete entities
with clear, identifiable boundaries. For the natural, it is
becoming increasingly evident that sustainability comprises
the engineering of ecosystems. Regressive notions seeking
to leave nature untouched in the name of sustainable
growth constitute oxymorons that ignore fundamental
thermodynamic laws. Lastly, for the infrastructural, changes
have been at least two-fold. On one hand, the exploding
scale of physical transformation triggered by climate change
is pushing engineering into the realm of terraforming [e.g.
New York State's Sea Level Rise Task Force recent proposal
to mitigate flood vulnerability through wetlands rather than
by ocean dams1]. On the other, renewable energies offer the
opportunity to transform formerly passive biomes into active
energy producing infrastructures [e.g. solar ponds or salinity
gradient power plants in river estuaries2].
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The changes briefly outlined above are responsible
for the gravitation of disciplines towards one another.
Nevertheless the present convergence should not lead to an
ideological mush with interchangeable bodies of knowledge
or operational strategies, but rather an assertion of each
discipline's autonomy. It is a call then for transdisciplinarity
rather than interdisciplinarity. Pluralism is precisely not about
mimicry, camouflage or the picturesque. The term Synthetic
Ecology is fitting not only because it refers to the physical
simultaneity of urban, infrastructural and natural systems, but
also to the disciplinary coexistence of urbanism, engineering
and landscape: A Synthetic Ecology of fields.
It is in this context that I propose the review of previous
plans to restore the hydrology of the Mexico City's Metropolitan
Basin.
Mexico City's uphill battle against geography began
in 1521 after the fall of Tenochtitlan - the largest human
settlement on Earth at the time, capital of the Aztec empire
founded in the middle of a lake on artificial floating islands.
After the conquest, the hydraulic control over the basin was
lost along with the political system that developed it. The
conquerors' solution was to dig a canal to dredge the basin. The
50 kilometer long structure was completed only three hundred
years later.
By mid twentieth century, over exploitation of the
underground aquifer had led the city to sink more than ten
meters reversing the canal's slope. In 1965, engineer Nabor
Carrillo proposed a fix consisting in the re flooding of the
remnants of Texcoco's dry take bed [a hundred square kilometer
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dust bowl of highly alkaline soils] and the construction of a
series of artificial reservoirs and treatment plants. His plan
was ignored, and instead the city undertook what at the time
was referred to as "The Final Solution", a deep sewage system
running dozens of meters below ground - the country's single
most expensive piece of infrastructure. The system would
suffer severe damage after the massive 1985 earthquake
requiring a second round of works ending in 2010.
Today the city pumps 70% of its fresh water from the
aquifer while the other 30% has to be pumped to an altitude of
2800 meters above sea level [Mexico City is not only the largest
inland metropolis, but also the highest] from sites up to 150
kilometers away. Rainfall [three times the city's annual fresh
water consumption] is mixed with sewage and pumped out of
the basin along at financial and energetic great costs3.
In 1998, in the face of the acute environmental
nonsense, a local group of architects inspired by Carrillo's
vision put together a plan known as the The Lakes Project
[TLP] (see Chapter 1.4: Previous Projects). The project - now
shelved - enjoys a bittersweet afterlife. On one hand, it is
hailed as the prime example of the failure of the Master Plan by
a generation of disappointed architects. On the other, perhaps
due to its bold idealism, it has successfully become part of the
collective imaginary of the Basin's inhabitants. But if idealism
is what keeps the project from vanishing, idealism too is what
keeps it a perpetual mirage, a fleeting glimpse of pastoral
pre-Columbian nostalgia. Arguably Carrillo's earlier attempt
was more sophisticated in that it envisioned the lake as an
engineered landscape, machine-like in nature and clearly
infrastructural - a far call from TLP's picturesque reenactment
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of nature, a regressive approach were 'original' and 'pristine'
are tacitly deemed superior to the synthetic hybrid.
Considering its geography, history and present
condition the Basin of Mexico City is already a site compelling
enough to deserve attention. The fact that it has been the
subject of a series of territorial projects that can be traced 600
years into the past is a much welcomed addition that facilitates
pinpointing the intellectual coordinates of its next iteration.
The aim of the present thesis is precisely to use the basin
as a test bed for the exploration of new pluralistic synthetic
ecologies of urban, natural and infrastructural systems.
In Chapter 1: Geo Spatial History of Mexico City's
Metropolitan Watershed, a brief history of Mexico City's
hydraulic infrastructure since its foundation in 1325 is offered
followed by an outline of the current hydrological budget
situation. The chapter closes with a description and critique of
the previous projects that have addressed the issue including
Nabor Carrillo's [1960], Teodoro Gonzalez and Alberto Kalach's
[1995] and Inaki Echeverria's [2010]. Chapter 2: The Project
deals with the thesis design proposal. The chapter presents
a brief site analysis and a case study of Calcutta's Eastern
Wetlands. Subsequently, the design process is explained step
by step. The chapter ends with a description of the project
and its components [infrastructures, landscapes, urbanisms].
Chapter 3: Brief notes on Synthetic Ecology is composed by
some notes on Synthetic Ecology, and closes with the lessons
learned and brief final remarks.
Daniel Daou
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< 1.1 Satellite imagery of Mexico
City showing what remains of the
five original takes: Xochimilco
and Chalco in the south, Texcoco
in the middle and Zumpango and
Xaltocan up North.
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CHAPTER 1.
Mexico City's Metropolitan Basin: History and Context
1. Geo Spatial History
With 21 million citizens, Mexico City is the second
largest urban agglomeration on Earth'. It hosts a fifth of the
country's population and is responsible for a third of the GPD
of the world's thirteenth largest economy2 . Like many other
mega cities, it is riddled with complex systemic problems that
nonetheless have not stopped it from growing uncontrollably.
In 2009, for the first time in history, a water rationing
program was announced by the local government'. Though the
specific figures on net water supply capacity remain a closely
kept secret, the message was clear: The city can no longer
afford to ignore its hydraulic imbalance. As current Mayor and
2012 presidential candidate Marcelo Ebrard has been swift to
recognize, the city's future growth and viability will depend on
the actions taken to overcome the challenge. Thus water will
be one of the immediate key issues for future administrations.
The situation is of special irony for a place that
was originally started on an islet in the middle of a lake. In
1325, a nomad tribe known as the Aztecs founded the city
of Mexico-Tenochtitlan on man made islands [chinampas]
after unsuccessfully negotiating for a place to settle with
the tribes that inhabited the shores of lake Texcoco. By mid
fifteenth century the city was well established [with canals
serving as causeways and a large ceremonial square of almost
25 hectares], and the Aztecs undertook their first major
engineering feat. Contrary to popular belief, the valley was
fitted not by one large take but by a system composed of five
minor relatively shallow Lakes [Texcoco, Xochimilco, Chalco,
Xaltocan and Zumpango] that thanks to seasonal floods
merged every now and then. As the Valley of Mexico is an
endorheic basin, minerals accumulated over millennia made
the lakes' waters highly alkaline. To avoid the brackish waters
from contaminating the spring fed drinking water reservoirs
of Tenochtitlan, the Aztecs erected a fifteen kilometer long
dike designed by emperor Nezahualcoyotl in the year 1450'.
Nezahualcoyotl's dike along with other lesser infrastructures
helped the Aztecs and the rest of the inhabitants of the basin
control to a degree the hydrology of their surroundings.
However, the year of 1521 marksthe beginningof Mexico
city's uphill battle against its geography. Besides engineering,
the relatively complex hydraulic management of the lakes
system was enabled by the political balance between the
groups settled in the valley. This balance was disrupted when
Mexico was conquered by the Spaniards. After the chicken pox
epidemic that brought down the Aztec empire -a notable case
of accidental biological warfare indeed- the population of the
city recovered fast, and as early as in 1580, the growing city
20
^ 1.2 Mexico-Tenochtittan circa
1520. The largest human settte-
ment on the planet at the time.
> 1.3 Artist's rendering of Mex-
ico City circa 1520 showing to
the east Nezahuatcoyott's dike
separating fresh spring fed res-
ervoirs from the brackish waters
of Texcoco Lake. Image courtesy
of Tomas Filsinger.
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were suffering greatly from the recurring floods that affected
the lower lands surrounding the former center.
The Saint Lazarus dike built by orders of viceroy Velasco
in 1555 had proven to be insufficient to keep the city safe from
seasonalfloods. However it was not untilthe greatflood of 1604
caused by the Cuatitlan river, when engineer Enrico Martinez's
plan to dig a tunnel in Nochistongo was approved to drain the
basin. The tunnel was dug in one year, but a massive landslide
entirely blocked it shortly after completion. It was not until
1789 when Martinez's plans were partially completed, and the
basin was completely drained for the first time.
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The next milestone in the development of the city's
hydraulic infrastructure was the construction of a sewage
network. For this purpose, a design competition was launched
in 1856. The winning proposal came from engineer Francisco de
Garay which contemplated a great sewage canal and a second
tunnel in Tequisquiac. The drainage system was completed
144 years later in 1900 under president Porfirio Diaz's rule.
At the time, the city's population stood at 345,000 [roughly the
city's population when it was conquered in 1520]. However, this
figure tripled every two decades during the twentieth century.
The massive sewage system that had taken a century and a
half to be completed was obsolete by the late 1940s by which
time the city of almost 3 million had started sinking to the tune
of eighteen centimeters per year7. An expansion to the Grand
Canal and a third tunnel -also in Tequisquiac- were projected.
However by the mid 1950s, the differential sinking due to the
over exploitation of the aquifer had provoked the reversal of
the Grand Canal's slope, and the estimated yearly sinking had
increased to a whopping 48 centimeters8.
In 1960, the city had sunk a total of 7.4 meters since the
beginning of the century.A Deep Canal -a massivetunnel buried
22
^ 1.4 Lake dessication process.
From left to right: 1325, 1520.
1900, 1950, 2000. Artist's ren-
derings courtesy of Tomas Fits-
inger.
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15 meters underground- was proposed. The plan came to be
known as the "Final Solution". The first phase of the ambitious
multi-million dollar plan was completed in 1975 helpingtodrain
the city through a fourth tunnel. However, in 1985 Mexico city
suffered its largest catastrophe, an earthquake of 8.1 degrees
in Richter scale that killed 10,000 people. The earthquake,
amplified by the valley's unstable argillaceous soils, damaged
the Deep Canal requiring numerous repairs and expansions
the last of which were concluded just in 2010.
2. Current Hydrological Budget
Seven centuries after its foundation, the oldest
continuously inhabited city in American has become one of
the world's most populous metropolises, and indisputably the
largest inland city. At an altitude of 2300 meters above sea
level, it is also one of the highest which makes pumping water
from the Lerma and Cutzamala watersheds 150 kilometers
away quite an engineering feat. For better of for worse, only
30% of the city's needs are met this way. The remaining 70%
is extracted from more than 1100 artesian wells spread across
the metropolitan region".
23
Mexico's Basin Metropolitan Watershed covers an area
of 9,725 km2 of which 1,710 km2 constitute urbanized lands.
Annual rainfall is 180 m3/s. Half of this volume returns to the
atmosphere through evaporation, 60 m3/s flows as runoff and
30 m3/s is absorbed by the land recharging the aquifer. Mexico
city's water consumption stands at 60 m3/s; three fourths
of which is extracted through wells -a total of 45 m3/s from
which 15 m3/s constitute over exploitation since the aquifer is
recharged at a rate of 30 m3/s. An added 15 m3/s is pumped
from the Lerma and Cutzamala watersheds 150 km away.
From the 60 m3/s the city demands, almost a half -25 m3/s-
is lost through widespread leaks [caused mostly by the city's
differential sinking]. The remainder volume goes to residential
uses (up to two thirds) and services, and to a lesser extent,
industrial uses. The city's net refuse of 50 m3/s combines with
run offs -60 m3/s- creating a 110 m3/s flow of which a mere
^ 1.5 View of Mexico City circa
1834. Color litography by Hegi, F.
and A. J. Noel taken from Mexico
Ciudad Futura, 2010.
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A 1.6 The dry lake bed of Texcoco.
Image courtesy of Gustavo Lip-
kau / FDU.
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10 m3/s is treated for reuse'0 .The remaining 100 m3/s requires
being pumped out of the city into the Mezquital Valley in Tula,
Hidalgo where it is used for the irrigation of crop Lands.
The fact that a large part of Tula's agricultural
production relies on Mexico City's sewage refuse [70% of the
nation's total] serves to stress the systemic nature of the
problem where one process' outputs can serve as another
one's inputs. Therefore, projects that imply a halt in the supply
of sewage waters coming out from the city are out of question.
However, building single massive one billion dollar water
treatment plant on a 160 hectare lot might not be the optimal
solution.
25
Mexico's Valley
Metropolitan Watershed
Total Area = 9,725 Km2
Urban Area = 1,710 Km2
KIv
JO
Watershed Boundary
Lake circa 1500
Flood plain
Tenochtitlan circa 1500
Mexico City circa 1900
Mexico City circa 2005
Proposed Flood
Political Boundary
1.7 Mexico's Basin Metropolitan
Watershed. Map elaborated by
the author.
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3. Site Analysis
There is little doubt that Mexico City's water and sewage
infrastructure situation is contradictory. On one hand, a city
founded on a take now has to pump water from afar to keep up
with its demand. On the other hand, annual rainfall volumes
triple consumption, and still, water has to be pumped out at
great expense to keep an area of 164 km2 [10% of the urban
area - including Mexico's International Airport] from being
flooded two months a year.
The last visible remnants of the lake system can be
found in the southern boroughs [delegaciones] of Mexico City
-Xochimilco and Tlahuac- [the former having been designated
as a UNESCO world heritage site in 2009 under the category of
cultural landscape] and in the dry bed of lake Texcoco in the
area adjacent to the International Airport. Of these two areas,
it is Texcoco's former lake site the one that holds greater
potential for its strategic location, its massive size and its
absolute emptiness. The so called Texcoco irrigation district
covers an area of 100 km2 bordering the Distrito Federal, but
actually spanning two different municipalities (municipios]
28
^ 1.8 Diagram showing the dif-
ferent flows and uses within the
watershed. Image elaborated by
the author.
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110 m3/s
100 m3/s
[be I~p
> 1.9 Close up to the area of
Xochimilco. UNESCO world herit-
age site. The last bastion of ver-
nacular agricultural practices in
Mexico City.
v 1.10 A farmer on a chinampa in
Xochimilco. Chinampas are man
made islets made by alternating
layers of soil and woven fabrics
holding them together at the pe-
rimeter by planting willow tress.
The same technique was used by
aztecss to expand their city over
the water.
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within the state of Mexico: Texcoco and Atenco - mostly rural
settlements with populations in the tens of thousands still
dedicated almost in its entirety to agriculture. However, the
cities of Ecatepec, Ciudad Nezahualcoyotl and Chimalhuacan
with 1.5, 1.3 and 0.8 million inhabitants respectively' could very
well be counted among the top ten largest urban settlements
in the country where they not just Mexico City's high density
sprawling marginal suburbs.
Today, Texcoco's dry lake bed has turned into a dust
bowl that represents a health hazard to the nearby inhabitants.
The alkaline soils forbid any vegetal growth, and when inhaled
can negatively impact the respiratory system. Furthermore,
the soil composition coupled with the low land values make
the remediation works necessary for development financially
unfeasible. Along most of its 80 kilometer long perimeter,
the site is either fenced or separated from the surrounding
urban fabric by highways on embankments or open air canals
carrying sewage water. Strategically located next to the
airport, plans to locate a much needed expansion have been
around since 1954. Teodoro Gonzalez and Alberto Kalach's
1998 plan to flood Texcoco was meant to be financially feasible
29
thanks to the re-siting of the airport in the middle of the lake.
The last serious effort occurred during president Vicente Fox's
administration when a group of land holders [ejidatarios] from
Atenco threatened with violent action should the government
decide to move forward with its plans to site a new airport
in the municipality12. More recently the city Nezahualcoyotl
has expressed its interest hosting an airport expansion. In a
preemptive move, business mogul and world's richest man,
Carlos Slim purchased a large tract of land adjacent to where
such an expansion could take place". Nonetheless, beyond
any speculations, for better or for worse, the former site of lake
Texcoco is Federal property ensuring no action will be taken
unless it is commanded from the highest government level.
^ 1.11 Aerial picture of Ciudad
Nezahualcoyott - prime example
of Mexico's high density sprawt.
Image by www.imagenesaereas-
demexico.com
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A 1.12 Aerial picture Texcoco's
irrigation district and its border
with Ecatepec. The characteris-
tic spiral of the former salt pans
can be seen to the top right of
the image.
4. Previous Projects
Over the years, several people have seen potential in
the site's dire conditions. Be it a for a new airport, a waterfront,
a metropolitan park or a lake, it is hard to overlook a void of
such magnitude. The story starts with the 1954 International
Airport Master Plan. However the first project addressing the
hydrological imbalance was put together in the 60s byengineers
Nabor Carrillo and Gerardo Cruikshank. Their proposal
included a number of water treatment infrastructures as well
as landscaping measures to mitigate the frequent dust storms.
Thanks to Cruikshank's stewardship, the plan was partially
completed improving the air quality13 . The last implemented
piece was the large artificial water reservoir that bears Doctor
Carrillo's name. The dam served as a proof of concept that a
controlled flood could be undertook without major risk".
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Al
^ 1.13 Return to the Lacustrine
City Project. Initially published
in 1998. this image is an update
from the original for the 2011
publication of the book -Mexico
Ciudad Futura". Image courtesy
of FDU / Gustavo Lipkau.
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The 1965 "Lake Texcoco: Hydrological Rescue" Project
was rediscovered in the mid nineties by architects Teodoro
Gonzalez de Leon and Alberto Kalach. Together with a group
of students and experts from the National University, they
put together a visionary plan "Return to the Lacustrine City"15.
The public pitching of the plan that began in 1998 reached a
climatic point when it was presented in the Venice Biennial of
2002 were it was received with wide acclaim and recognition.
Shortly thereafter however, the plan lost momentum and
relapsed into a latency phase that ended with the publication
in 2010 of the first comprehensive report in theform of a book
titled "Mexico Ciudad Futura".
Gonzalez and Kalach's plan was unique in that it
envisioned the restoration of the five lakes that originally
composed the system. Unfortunately, the plan falls short
when it comes to visually represent the series of complex
processes involved in the phasing of the project. Most of the
material produced focuses on Texcoco, and then only in the
lake and the new airport proposed in its center. Though the
plan acknowledged the potential for urban growth regulation,
it is oblivious of the edge conditions surrounding the lake. The
creation of a waterfront with exciting possibilities is mentioned,
yet nothing isdone about it. The impacta new airportwould have
in the surrounding real estate market is grossly overlooked as
well. One is left to wonder the seriousness of the claims that
building an airport will somehow make the plan financially
feasible.
The plan was more oriented towards the completed
composition rather than the strategy involved in the process.
Synthetic Ecology
^ 1.14 Parque Texcoco Project.
Image courtesy of Inaki Echever-
na.
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It did not contemplate alternative scenarios and thus failed to
deal with uncertainty. For these reasons, the project became
the prime example of the failure of planning for a generation
of disillusioned architects that ended up dismissing the notion
of master plans altogether. Fortunately, the project's current
resurgence in the collective imaginary is testament of its
strength and boldness that stem from its simplicity. In its bitter
sweet afterlife, the project has at least succeeded in inspiring
a new generation of professionals from which Inaki Echeverria
is perhaps the most mention worthy.
In 2010, in the context of the UN Climate Change
Conference [COP 16] that took place in Cancun, Mexico, a group
of designers led by Inaki Echeverria presented the "Parque
Texcoco" project for the same site' 6. Though Echeverria's
project is not presented as such [Inaki Echeverria was involved
in the original "Return to the Lacustrine City" project], his
project could be interpreted as a critique of the previous
project. Were the Kalach's focused on product, Echeverria's
focuses on process. When the former focused on composition,
the latter focuses on strategy. When the older relied on a single
final state to be considered successfully implemented: the
newer accepts there is no single formal end result - it is open
ended and hence, flexible enough to deal with uncertainty.
The "Parque Texcoco" project begins its presentation
with a series of images that portray almost bucolic landscapes
claiming that the pictures have not been doctored in any way.
The implicit message seems to be "It is already fine as it is".
The presentation of the project ends with a video with the
intention of illustrating a typical day of activities in the newly
envisioned park. The great irony is that the video was shot on
Synthetic Ecology
site with no alterations whatsoever. The open-endedness and
formlessness is taken to an extreme making eventually unclear
what exactly is it that the project proposes [besides an uneasy
confetti of architecture sprinkled throughout the site]. Finally,
similarly to the previous project, the more recent one fails to
recognize the edge condition with the city - it simply creates
an oversized park impossibly graspable at a human scale.
The triad of preceding projects are enough to build
a rudimentary lineage of approaches towards landscape
and urbanism, but ultimately, to large scale interventions
in urban contexts. From the purely infrastructural, to the
picturesque landscape, to the open ended process oriented
formless strategy, a benchmark against which this thesis
proposal can be measured is delineated. The task at hand is
to incorporate previous projects' strengths, while improving
over their shortcomings. A synthetic design approach that
recognizes landscape, infrastructure and urbanism as
autonomous ecologies -each one dependent on a different set
of tools- within an inclusive and pluralistic transcalar project
of "networks enmeshed in hierarchies enmeshed in networks"
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CHAPTER 2:
The Project
1. Case Study
With the exception of Sao Paulo in Brazil, Mexico City
is unique among world megalopolis for its inland condition
and its location within an endorheic basin. This reduces
significantly the pool of precedents from which case studies
could be drawn. Projects such as the All American Canal in
California, the Aral Sea Dam in Kazakhstan (world's fourth
largest inland saline body of water), the Gezira Rehabilitation
in Sudan or the Okavango Delta in Botswana (largest inland
delta) have an environmental scope similar to Lake Texcoco's.
Sadly, these precedents have been either developed in non
urban contexts or represent one dimensional cases focused
solely on infrastructure or landscape. Fortunately, the city in
India offers a site of comparable size and program.
The East Calcutta Wetlands in the outskirts of Calcutta
cover an area roughly the same size as Lake Texcoco. The
waste waters produced by Calcutta's 13.5 million inhabitants
are dumped in a series of wetlands and marshes before
feeding agricultural paddies and fish farms before finally being
discharged into the Bay of Bengal. The system is operated by
the locals with a minimum use of modern engineering and
technology. It digests the total sewage producing 8,000 tons
of fish, 16,000 of sludge and 54,000 tons of fresh vegetables
annually'. The wetlands provide both full time and seasonal
jobs in an area that has become a rich spot of local biodiversity
[100 plants species, 20 rare mammals and more than 40 bird
species]2 .
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< 2.1 Aerial image of the East
Calcutta Wetlands.
v 2.2 Calcutta's skyline as seen
Calcutta was founded between the Hooghli and the from a fish pond in the wetlands.
Bidyadhari rivers. The rivers provided a causeway for trade
that helped Calcutta become the commercial capital of British
India. The British constructed a number of waterways to
augment the transportation network. The canals diverted the
rivers' water causing extensive silting. The natural process of
the delta forming coupled with the human interventions led to
the river dying in the early eighteenth century and resulted in
the formation of large shallow lakes of salt water3.
As the city grew, the authorities decided to drain the
city into the salt takes forming the world's largest waste water
ecosystem. Sewage fed fish farms were introduced in 19304.
Overtime, local fishermen have perfected the farming process
and are able to produce from two to four times greater yields
than other fish farms. Thus the city developed a vernacular
waste water management system through natural remediation
and resource recycling.
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The wetlands receive anywhere from 20 to 70 kilograms
of raw sewage per hectare per day [Calcutta generates an
estimated 600 million liters of raw sewage per day]5. The initial
treatment consists of oxygenation and sediment separation
in shallow facultative ponds. Two or three sets of stabilization
ponds with increasingly shallower allow water plants to
become in contact with organic matter aiding the treatment.
Water Hyacynth [Eichhornia Crassipes] is capable of stabilizing
the biological oxygen demand levels and removing nitrogen
and metals. The biological remediation process is carried on by
algae and bacteria which transform sewage into useful forms
for fish and animals. The mix of algae and bacteria is also
more efficient at reducing coliform bacteria than conventional
sewage treatment plants6.
Before draining to the fish farms, the shallow ponds
need to be prepared by being drained and tilled, their bottoms
sun dried and their silt traps cleared. The soil is then enriched
with time to ensure the alkalinity of the water which helps
reducing coliform bacteria counts. Finally, waste water
is introduced into the pond allowing it to undergo natural
purification. In this stage the water is constantly stirred to
reduce anaerobic conditions in the sediments and promote the
development of benthic which eventually help feed the fish.
After this the pond can be stocked with fish. Waste water is
periodically introduced to stimulate sufficient plankton growth
for fish feed. All the while ensuring the oxygen levels to be wel
7above the threshold for fish sustenance .
In this way, fish ponds help maintain the ecological
balance in the wetlands and capture nutrients in a form readily
consumable for humans. After feeding the fish farms, the
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effluent waters -still rich in nutrients- are used for vegetable
and paddy farming providing a second effective layer of
resource recovery. After this the remaining water is dumped in
the Bay of Bengal through the Kulti river'.
The East Calcutta Wetlands can be considered a
unique case of environmental protection fueled by urban
development. The wetlands are a consequence of the natural
geomorphological and climatic processes of the region.
Nowadays, encroachment upon its edges and the conversion
of fish ponds into paddies threaten the existence of the entire
system. The East Calcutta Wetlands are a great example
of landscape as infrastructure [albeit a "soft" one]. Could
urbanization patterns become part of the equation? How
could the wetlands' performance be augmented where more
advanced technologies and engineering became involved?
2. Design Process
The first step in the design process requires the site's
boundary to be identified. This is done by a simple analysis
of the topography determining the contour that corresponds
to the highest possible water level. Once identified the site is
found to have an area of 100 km2 and a perimeter of 70 km.
On the west, the site borders Ecatepec with a population of 1.3
million and a density of 220 people per hectare. The only major
civic infrastructures are a cemetery, a shopping mall, a state
college and a high school. The Mexico-Teotihuacan highway
and an open air sewage canal separate the site from the
urban fabric. On the north west is located perhaps the most
salient landscape feature a large compound of salt pans in a
spiral array known locally as El CaracoL On the north, the site
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3400 meters
A 2.3 Project site and boundary.
A silhouette of Manhattan is pro-
vided for scale.
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is slowly being defined by both the sprawling mass produced
public housing subdivisions and large informal settlements
of squatters. On the East, the site's edges blur into the
agricultural lands of Atenco to the north east and Texcoco to
the south east together boasting less than 200,000 people
dedicated mostly to the primary sector. To the south, the site
borders with Chimalhuacan - a former squatter settlement
currently in transition towards a formal quarter - and Ciudad
Nezahualcoyotl, a massive development of 1.5 million with a
density of 250 people per hectare - the epitome of Mexican
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high density suburban sprawl. Both Neza [as it is known by the
locals] and Chimalhuacan suffer from the same lack of civic
amenities and public spaces as Ecatepec and.are separated
from the site by the open air sewage canals, embankments
and fences. Finally, the International Airport is located on
the south western corner. Besides the spiral salt pans, other
notable landscape features within the site are the Doctor Nabor
Carrillo artificial water reservoir, a trio of regulation lagoons
and a water treatment facility. The Mexico Texcoco highway
crosses the site's southern half from east to west. A total of six
rivers flowing from west to east through Texcoco and Atenco
run down to a trickle in the so called irrigation district which
occupies the central region of the site.
Where the site turned into a single entity as previous
projects suggest, it would turn it into a massive space too large
to be a metropolitan park yet to small to be a national reserve.
The next step will involve breaking down the site into more
manageable chunks.
The site will be partially flooded since this proposal
calls for the substitution of the current plans to build the
world's largest water treatment facility in Tula9 for an
approach akin to Calcutta's were the city's refuse is treated in
a biome, specifically brackish water wetlands. If the site was
flooded normally, water would spread to thin across a large
area from the center outwards. This would carry two negative
consequences. On one hand, water would evaporate faster
than the rate at which the site was flooded, and urban growth
would continue encroaching along the borders reducing the
potential final area and perimeter.
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< 2.4 Image mosaics showing the
urban preveiling urban condi-
tions surrounding the site. From
top to bottom: Ciudad Nezahuat-
coyotl, Ecatepec, Chimathuacan
and Texcoco.
> 2.5 Diagram showing the site
boundary and a single iteration
of the packing algorithm.
v 2.6 Projected urban grovw
2015, 2025. Source: Gonzal
Kalach, Lipkau, et at "Mexi
Ciudad Futura" (Editorial R
Mexico, 2011)
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th In order to beat the evaporation rate -partially
co responsible for the lake being currently dry despite rainfall
M. ru noffs- flooding needsto beconducted in acompartmentalized
manner were water occupies smaller surfaces with larger
volumes as opposed to large areas with small volumes.
Furthermore, given the fact that urban development demands
put the highest pressure along the lake's border, flooding would
needs to occur from the edges inward so as to create a barrier
around the lake. A strategy of compartments or cells along
the edge has the added benefits of producing smaller sized
areas that could be experientially grasped with greater ease
by humans and that could be compared with more average
sized urban parks. Each pool would offer a curving waterfront
-a way of "sculpting"the horizon in such a way that an observer
would be able to look at something when standing at the edge,
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*Urban Scale
Size Comparisons
01 Hermann Park. Huston, US
02 Landschaftpark. Duisburg, Germany
03 Prospect Park. Brooklyn, US
04 Hudson River Park. New York, US
05 Elysian Park. Los Angeles, US
06 Tiergarten. Berlin, Germany
07 Downsview Park. Toronto, Canada
08 Temple of Heaven. Beijing, China
09 Montroyal. Montreal, Canada
10 Hyde Park Coomplex. London, UK
11 Central Park. New York, US
12 Centennial Park. Sydney, Australia
13 Sausset. Paris, France
14 Lake Ontario Park. Ontario, Canada
15 Emerald Necklace. Boston, US
16 Lincoln Park. Chicago, US
17 Stanley Park. Vancouver, Canada
18 Golden Gate. San Francisco, US
19 South Park. Chicago, US
20 Parque Xochimilco. DF, Mexico
21 Balboa Park. San Diego, US
22 Orange County Great Park. California, US
23 Presidio Park. San Francisco, US
24 Chapultepec. DF, Mexico
25 Fairmount Park. Philadelphia, US
26 Bois de Boulogne. Paris, France
27 Fresh Kills. Staten Island, US
28 Amsterdam Bos. Amsterdarm, Netherlands
29 Ciudad Universitaria. DF, Mexico
30 Casa de Campo. Madrid, Spain
31 Zocato. DF, Mexico
32 Alameda. DF, Mexico
33 The Lake
180
200
213
223
243
255
259
267
269
295
340
364
182
374
404
404
404
410
423
515
486
533
599
647
1,785
846
890
934
653
2,832
5.3
9.3
14,637
x81
x73
x69
x66
x60
x57
x57
x55
x54
x50
x43
x40
x80
x39
x36
x36
x36
x36
x35
x28
x30
x27
x24
x23
x8
x17
x16
x16
x22
x5
x2762
xl 574
sources: Czerniak, Julia. Heargraves, George. 'Large Parks" Princeton Architectural Press. NY, 2007.
Echeverria, Inaki. "Parque Texcoco" Mexico, 2010
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an experience similar, for example, to Rio de Janeiro's famous
beaches. Such a man made landscape would operate as a self
consciousness generating device [a way of monumentalizing
the landscape horizontally].
The method employed to calculate the optimal
distribution of cells along the perimeter or "liminal pools"
involves a packing algorithm0 . The packing algorithm takes
care of estimating the best fit between the number and size
of pools required to line the site's contour without deviating
beyond a certain margin from it. The resulting pattern contains
the smallest amount possible of pools [and therefore the
largest possible ones] that still to the site boundary. The pools
are circular because circles have the best surface to volume
ratio [important when trying to avoid evaporation] and the lack
of corners helps avoiding the existence of dead flow regions
within them. All in all, a total of 14 major liminal pools is derived
after a number of iterations using this method. Once the site's
structure [or exoskeleton] has been defined as described
above, the next step involves populating it with program.
Program is derived from performance. Performance
is specified through the processes diagram. Systematizing
a methodology to address the development of the process
diagram is one of this thesis's main interests. The project's
complexity is built in incremental steps starting from very
simple linear processes that evolve into loops and finally into
meshes. On the lines of Howard T. Odum's work modeling
wetland ecosystems", the first step requires identifying the
available inputs. In this case, sewage, brackish water, trash,
and alkaline soils. Next, since the diagram is intended as a
projective technique as opposed to a descriptive tool, a list of
Daniel Daou
EVAPORATION DERIVATIVES
ENERGY PRODUCTION
FISH FARMING
AHMWAn
WETLAND WATER FILTRATION \
AGRICULTURE AND AGRO FORESTRY
A2.8 Diagram showing program
clusters, cluster exchange loops
and process feedback loops.
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desired outputs is put together. Again, in our case, these would
be clean water, developable land, energy, biomass and food. A
list of candidate processes involving these inputs and outputs
is then elaborated. To illustrate, we can borrow an example
from the Calcutta's case study described earlier: Raw sewage
through a multi-step process involving different landscape
types [e.g. facultative ponds and sedimentation lagoons] is
turned into water suitable for agricultural production and fish
farming plus microorganisms from which plants and animals
feed. The wetland's outputs are vegetables, fish, clean water
and nutrient rich sludge. Another example is salinity gradient
power plants or osmosis power plants. These facilities mix
fresh water with salt water in tanks lined with permeable
membranes. The pressure generated from the flow differential
between water deposits is enough to generate some energy.
The output of this process is energy and brackish water".
The next iteration of the diagram process involves
streamlining the list of candidate processes by looking at
which outputs could be fed as inputs in different processes
or subprocesses. Connecting processes in such a way leads
to feedback loops, and is the first way in which the diagram's
complexity is increased. To stick to the examples given above,
fish farming could be seen as a subprocess of the wetland up
cycling system. One of fish farming's inputs is brackish water.
Brackish water resulting of osmotic power generation can be
fed then into the wetland system creating a feedback loop
between the two processes.
The final stage of the development of the diagram
involves expanding exhaustively each process into its
subprocesses and making all the connections necessary. Many
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processes can feed a single process and a single process can
feed many others. Processes are also seasonal [e.g. fertilizing
and harvesting] and might not run in synchronicity. This has
to be taken into consideration. Once all the connections are
made, the diagram should resemble a rhizome or mesh of
linear processes embedded in loops embedded in meshes, etc.
It is important to know that when such a system is
designed efficiency should not be held as the measuring
stick to judge overall effectiveness. Efficiency leads to one
dimensional processes where a single task is performed to the
fullest capacity without accounting for all the "externalities"
generated. On the contrary, a system like the one here
described should bejudged to the extent to which it reintegrates
"externalities" into its matter energy flows. A single optimal
equilibrium might not be attainable. Furthermore, accurately
modeling such a diagram would required the use of advanced
computing tools which is beyond the scope of the present
thesis. However it is important to note that this is critical since
it is the key to move from representation to simulation as a
means of design.
In the case of the present project, the final processes
have been grouped into four large groups: Energy generation,
Water remediation, Biomass production and Solar derivatives.
Each cluster has been spatially located according to strategic
proximities [processes connected via feedback loops should
be closer together] and geographic assets [e.g. processes
in which alkaline soils or water are involved are located to
the north of the site, close to the former salt pans whereas
processes focused on energy generation are located adjacent
to future urban development].
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^2.9 Plan of the project in its final
phase at peak capacity.
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3. Project description
Roughly, each cluster is broken down in the following
way. Energy generation involves geothermal pools [Mexico is
the world's 3rd largest generator of geothermalenergy" -though
geothermal electric plants are traditionally built exclusively on
the edges of tectonic plates where high temperature geothermal
resources are available near the surface, the development of
binary cycle power plants and improvements in drilling and
extraction technology enable enhanced geothermal systems
over a much greater geographical range], salinity gradient
power generation [as described above] and solar ponds [a
solar pond is simply a pool of saltwater which collects and
stores solar thermal energy: The saltwater naturally forms a
vertical salinity gradient also known as a "halocline", in which
low-salinity water floats on top of high-salinity water"].
The water remediation cluster involves sedimentation
pools, aeration ponds, facultative ponds, activated mud
ponds, wetlands, marshes, fens and bogs and a small scale
water treatment plant as a back up emergency system. The
biomass production cluster includes the vegetable farming,
the fish ponds and the lands dedicated to agroforestry. The
solar derivatives cluster is composed by an algae farm and
a desalination facility employing Stephan Augustin low tech
water cones 5.
Each cluster addresses its edge condition and urban
context differently. To the south, the water remediation cluster
pools double as production areas. The city's fabric wharves out
into the water using pile-dwellings. Vegetables are grown on
paddies and water canals penetrate the existing urban fabric.
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/^2.10 Vector plan showing un-
derwater topographies.
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To the east, the pools, more than entirely underwater, simply
act as berms that capture the rivers' run off helping raise the
water table level with the intention of recreating a landscape
similar to that found nowadays in the city's southern boroughs
of Xochimilco and Tlahuac. The current development trends
point towards the progressive urbanization of former
agricultural lands. This is a result of a simple problem that
lies in the overlap of geometry, sociology and land ownership
policies. As generations pass, a tract of land will be subdivided
over and over again in order to be distributed among the sons
and grandsons of a family. Eventually the plots become so
small that they are no longer financially viable for agricultural
production. Houses are then built on a narrow strip of land,
and, with time, urban infrastructures stretch to supply this
new blocks with services ossifying the urban transformation.
The project proposes the preservation of the agricultural lands
as a cultural landscape where low tech small scale vernacular
agricultural practices secure a production of local and organic
production of food. The gap between the water remediation
cluster and the agricultural production cluster is bridged by
the fish ponds in the way described in the Calcutta's East
Wetlands case study. To the west, new land is created for future
development using landfills to model the landscape. Landfills
both legal and illegal are already present in the site. Using
them to create land to develop the city's future waterfront
accomplishes two tasks at once.
The urban edge proposed is developed following a
simple and brief set of rules. Modern urban development takes
place in discrete enclave-like chunks were a single developer
is responsible for the development of entire districts. This
condition is exploited to create clearly differentiated clusters
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that vary not only quantitatively in terms of population density
and FAR but also qualitatively in terms of building types
deployed and road grid structure. The aim of this is to create
a diverse and plural repertoire of urban forms to prove wrong
deterministic urban design practices that try to couple value
sets or ecological performances to specific urban forms. Each
cluster is to have a center connected with the neighboring
clusters' centers. No cluster has an area smaller than the
area required to house a population of 12,000 with a densities
ranging between 300 and 400 people per hectare. No cluster's
diameter is larger than the walkable distance under favorable
weather conditions. The overall cluster pattern needs to fill the
"pochs"space between the existing city and the new waterfront
in the most efficient possible way. A packing algorithm is
again used to optimize this geometric arrangements. Areas
that cannot be filled with clusters [clusters required would
be too small] are filled by extending the surrounding urban
fabric at the way to the new edge. The added benefit of using
packed circles is that it minimizes the road surface required to
connect all the clusters. In this way, the overall pattern follows
Christaller's Central Place Theory", were nodes are connected
in a hexagonal lattice [though in this project there is no cluster
of cluster large enough to make evident the hexagonal latticel.
Other examples of hexagonal grids are discussed by Eran Ben
Joseph in "Hexagonal Planning in Theory and Practice" 7. All
the waterfront edges are lined by linear buildings that curve
following the pools' arches creating a framed panorama of the
water and maximizing the development adjacent to the water.
Program within the rings is mostly residential and is contained
in generic building types. Public and institutional programs are
located within non standard buildings zoned outside the rings
were access is optimal. The proposed urban development has
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^2.11 Vector plan showing un-
derwater topographies.
<2.12 Axonometric showing pro-
ject's layers and components
from bottom to bottom: Com-
posite, Lake topography, Urban
context, Liminal Pools, Road in-
frastructure, Fluctuating land-
scape, Landscape infrastruc-
tures, new urban fabric and
infrastructure,
v2.13 Penang Tropical City by
OMA.
precedents in modern project including OMA's plan for Bovisa
in Italy, Schiphol airport and Penang's Tropical city18 .
Beyond the program clusters of the liminal pools,
other large scale landscapes and infrastructures compose the
projects. From an early stage, it was decided that access to the
waterfront was to be provided via a scenic perimeter road. In
order for the road surface to access both the inner and outer
perimeter, two roads zig zagging in opposite directions wind
around the pools. The idea behind offering such an access is
that it is only through the car that individuals can grasp the site
in its entirety [this phenomenological approach was developed
in "A View from the Road" were Kevin Lynched mapped the
different experiences from a driver moving along a proposed
ring road around Boston]' 9.
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The other large infrastructural piece is the airport
expansion. The goal of this thesis is not to settle once and for
all the problem the city and the country face regarding the
much needed and urgent expansion of its most important
airport. However, it could not be overlooked either. The
proposal presented here is an attempt to solve the problem
without making it the center piece of the project. A third
runway is proposed along the Mexico Texcoco highway, far
enough from the existing ones as to not be an obstacle and
aligned in a similar way respecting prevailing ends and existing
navigational air routes. A third runway could allow diverting all
localflights so thatthe existingairport could be solely dedicated
to international flights. The 10 kilometer stretch between both
airports would be connected by a high speed railwith stations at
both ends. The rail station on the new expansion would double
as a ferry station allowing people to reach the airport by boat.
Locating the airport in this area would not have negative air
quality or sound pollution on the surrounding neighborhoods
since enough space would be left undeveloped being occupied
by water. On the mid point between both airports and on a site
currently occupied by a landfill a new high density mixed use
business and commerce oriented enclave would be developed.
The development would address the current lack of a business
center close to the airport and the city's large demand for high
quality office space. This would be the only vertical element
in the proposal, and its insular conditions is a slight hint of
Tenochtitlan origins.
Finally, the last piece of the proposal lies in the space
in-between, the empty heart surrounded bythechain ofliminal
pools. This expanse of land is proposed as an indeterminate
fluctuating landscape. It would flood seasonally allowing it
(1 3
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A 2.14 Detail of Liminal Pool com-
posite.
<2.15 Axonometric showing pro-
ject revolving around a single
liminal pool. From bottom to bot-
tom: Underwater topography,
Composite, Lake topography,
Urban context, Road strcuture,
Open spaces, Buildings, Infra-
structure.
to be used as a means of transport to bring people and goods
across the different programs scattered around the edges.
During the dry season it would constitute a gradient of varying
biomes from marshes, to salt ponds to wet meadows to salt
grasses. It could be flooded with the surplus water fro any of the
processes essentially acting as a huge relief valve or simply by
the overflow during the rainy season. It is the one component
that speaks to the formlessness of process oriented strategies
dealing with uncertainty.
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4. Phasing
The compartmentalization of the project in liminal
pools allows for a clearer understating of a possible phasing
for its implementation. In general terms, the project could be
developed with a minimum of four phases. In the first one, a
large land reclamation project would develop a constructed
wetland in the biggest of the pools adjacent to the airport. This
location is strategic because it is were the canals feeding raw
sewage from the south and from the west meet. It is also the
within the no construction buffer surrounding the airport. The
main objective would be for this large constructed wetland to
substitute the current plants for a development of the world's
largest sewage water treatment plant in Tula, Hidalgo. The
development of such a large area of wetlands would require
of the construction of ancillary treatment facilities along the
south edge that would initially serve as scaffolding and, once
the wetlands became operational, could serve as a back up
system for managing peaks in supply. The existing landfill
would need to be capped [becoming an island in the center of
the new wetlands], but new landfills would be opened along
the western edge of the site.
The second phase involves the transformation of the
agricultural districts in Atenco and Texcoco. Embankments
would be erected on the edges of said areas to capture the
run off from the rivers that feed into the zone. This would raise
the water table level transforming the area into an irrigation
district with a grid of canals. Fish ponds would complement the
agricultural program and zones dedicated to agroforestry in
the form of dedicated forested wetlands would help assimilate
agricultural run off contaminants.
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A2.16 Detail of Urban Cluster
composite
<2.17 Axonometric showing ur-
ban cluster components. From
bottom to bottom: Urban Clus-
ter composite, Ring roads, Inner
road structure, Open spaces,
Landscape elements, Pedestrian
ways, Buildings.
The third phase involves the rehabilitation of the
spiral salt pan through the development of algae farms and
either evaporation condensation facilities or injection wells.
The fourth and final phase involves the putting in place of all
the energy production infrastructures along the west edge,
the capping and development of the new waterfront and the
construction of the airport expansion and the business district.
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^2.18 View of constructed wet-
landf from southern rim looking
north toward insular business
ditrict between airports.
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v2.19 Perspective cross section
looking north through salinity
gradient power generation limi-
nal pool. Brackish waters fed
from through the northern intake
remain separated from fresh wa-
ter fed from the souther intake
coming from the constructed
wetland [not shown here].
Water stream feeding the plant
remain separate from the water
facing the city. A hard edge here
contrasts with the softer edge of
the southern pools.
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CHAPTER 3:
On Synthetic Ecology
1. Notes on Synthetic Ecology
A3.1 The 2010 anthology on Eco-
logical Urbanism.
v3.2 Aerial picture of Biosphere 2
complex.
The need for a field within the design disciplines dealing with
the man made and the natural beyond the prevailing agendas
of Urbanis, Landscape Design and Engineering has been clear
for some time. Recently, the term Ecological Urbanism' was
offered as a model for the entire metropolis, as opposed to
Landscape Urbanism2 - which originated in the brown fields
of the rust belt of the US and typically operates within the
drosscape produced by the contemporary North American
metropolis. Based on the work in this thesis, I offer the term
Synthetic Ecology as a further expanding of the spatial
production practices. Though urbanism can be defined as the
way in which a civilization chooses to code itself on Earth, the
landscape does not need to be subordinated to civilization
in order interact with it - or to be considered a part of it.
Synthetic Ecology is offered thus as a model for a global non
anthropocentric practice of spatial production.
Fittingly, one of the earliest records of the term
Synthetic Ecology in recent literature can be found in a passage
of Kevin Kelly's "Out of Control" where the author describes
the Biosphere 2 experiment'. Biosphere 2 is a 1.3 hectare
structure originally built to be an artificial, materially-closed
ecological system in Oracle, Arizona by Space Biosphere
Ventures. Constructed between 1987 and 1991, it was used to
explore the complex web of interactions within life systems in a
structure that included five areas based on natural biomes and
an agricultural area and human living/working space to study
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the interactions between humans, farming and technology
with the rest of nature. The round of experiments conducted in
Biosphere 2 played an important role in the articulation of the
contemporary notion of sustainability4.
The mainstream discourse of sustainabitity is governed
by dictums shaped under a logic of scarcity. Sustainability
seems to be all about establishing ceilings - for growth, for
consumption for green house gases emissions, etc. In a sense,
what our current understanding of sustainability shows is that
we have not been able to overcome Malthus.
A3.3 Don Davis's rendering of a
human space colony.
>3.4 Photomontage of a disas-
trous flood along the Thames in
central London.
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The natural tendency of living systems is to spread until
they face resistance. Then the systems either collapse or reach
a dynamic equilibrium. Mainstream sustainability focuses on
reinforcing the limits to growth whereas true sustainability
should find ways to overcome them. A civilization that finds its
own growth a liability and not a source of opportunity to ensure
its perpetuation is fundamentally flawed.
Serious practical plans and efforts to ensure human
subsistence beyond Earth go back as early as the late 1940s
with the development of rocket technology that would allow
reaching Mars within a reasonable timetable'. After the moon
landing in the late 60s, the world was high on dreams about
colonizing outer space. The term terraforming was coined to
describe the possible geo- engineering of other planets into
replicas of Earth'. The 70s were specially ripe with visions of
artificial human settlements in orbit [being some of the best
known those produced by artist Don Davis7]. As visionary as
these fantasies might seem to be, sadly, they also illustrate
the dramatic lack of models for future human existence in
synthetic environments: A typical North American suburb
replicated inside a bottle floating in space is not precisely the
happiest of endings for our race's pursuit of perpetuation.
In an ironic turn of events, today terraforming is used
to describe possible climate change mitigation measures on
our own planet. In other words, what once was the tempting
dream of exploring and "boldly going where none had gone"
- today has become an urgent need in our own home. Earth's
carrying capacity, even by most conservative estimates, has
been calculated to be anywhere between 10 and 14 billion
humans [the very physical limit lying around 100 billion - a
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world where the entirety of the productive surface is dedicated
to the production of potatoes8 . Standing as we do at 7 billion,
these estimates would appear to be overly optimistic in face of
the dire conditions in which we presently find ourselves.
There are many measures to curtail our negative impact
on the planet. However most of these measures seem to be
regressive necessarily implying going back to previous living
standards - less convenient, less wasteful, less luxurious even
if more ethical. On the other hand, the spectrum of progressive
measures at our reach entails tinkering with nature -
enhancing or augmenting it through scientific understanding
and technology [e.g. metamaterials, synthetic biology, genetic
engineering]. Arguably, in a world of 10 billion - a figure we
will reach within the present century - water, energy and food
demands, to name but the basics, will not be able to be met
unless a certain degree of control over nature is achieved. The
practice of spatial production in such a scenario is what is
referred to as Synthetic Ecology.
2. Five Lessons
Tackling a design project at the level of detail presented
here and in a site as large as the one given required an approach
different from the one used for smaller projects. The most
important differences I found are the following:
1. The need to substitute representation with 35 Triple nested exploded ax-
simulation. Calculating how different setups will nei d t h sclrtthe
play out in dynamic systems is something that project- An InterestIng phenoma
occurs when nesting objects and
cannot be done analogously. Computing tools are systems into one another: what
at a certain scale may seem tike
needed to model and simulate different non-linear a system, at the next level be-
comes an object and viceversa.
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iterative multivariate scenarios. What differentiates
the type of computer simulation proposed here
from the type of simulations being done at present
is that, as part of a design methodology, simulation
would not play a predictive or descriptive role but a
projective one effectively replacing representation.
2. The need to understand the diagram not as
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a placeholder metaphor for systems, but as a
systematic way of engineering performance. The
trailblazing work of American ecologist Howard
T. Odum in figuring out a notation and a protocol
to model an ecological system in a rigorous,
transparent, replicable and operational [as
opposed to representational] manner has hardly
experienced progress from the point of view of the
design disciplines since it saw the light in the 60s9.
3. The need to communicate the project more as a
choreography than as a narrative. Simultaneity and
simulation of processes do not benefit from being
"flattened" by a single linear narrative. Several
unfolding narratives are more appropriately
communicated if "choreographed" by the designer.
A choreographer coordinates several sequences
of actions that are not necessarily synchronized
or symmetrical or equal in overall importance but
nevertheless simultaneous.
4. The need to integrate different project scales in a
streamlined "trans- scalar" continuum. The project
has been developed at least at three different scales
that range from the block scale to the regional
scale. Design decisions taken rely of different sets
of variables depending on scale - something that
could be considered relevant at a certain zoom level
[e.g. building orientation at the block level] could be
simultaneously of less importance when seen at
a different scale. The project has to be developed
in parallel at every scale, and a hierarchy of
parameters has to be established according to their
overall importance. Furthermore, certain project
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components and their effects exist only at certain
scales. In other words, transcalarity [known in the
Systems Theory as Integrative Levels Theory], leads
to the presence of emergent properties. Emergence
is the way complex systems and patterns arise out
of a multiplicity of relatively simple interactions, and
emergent properties in a system are only present
beyond certain levels or scales'0 .
5. The need to understand sustainability as an
emergent property of systems. Though this thesis
does nothing to prove this point scientifically, it
still tries to illustrate how a system can overall be
energy efficient even if some of its smaller scale
components are not. The larger the system is,
the higher the location of the "macro level" will
be. The macro level is the ultimate level at which
overall energy efficiency could be assessed. For
example, if one were to work at the neighborhood
Level, the degree to which the entire project could
be considered sustainable would depend on its
performance at the immediately superior scale -in
this case, the urban level- and not the inferior scale
-the building Level. Therefore, global sustainability
can only emerge beyond a certain territorial scale
closer to the entire watershed than to just the
metropolitan region.
3. Closing remarks
This thesis leaves many of the addressed lines of
inquiry underdeveloped. For instance, though the work here
presented suggests that the shortcomings of representation
Synthetic Ecology
can be overcome by simulation, it is itself developed through
representation and no attempts at producing simulations
are done. Also, though the thesis claims that the diagram of
the project's performance should be the spine of the design
process, its own diagram is not developed with the rigor that
would make it an operative tool and not just a visual metaphor
of a process.
As it stands, its weakest point is the lack of rigorous
technological and scientific underpinnings that would allow it
to be speak to an audience beyond the field of design.
However, it must be said that this thesis's goal was not
to exhaustively explore these lines of inquiry but merely outline
them in orderto free itself to instead produce an early outline of
a systemic design methodology to work on very large scales - a
template of sorts. It is this template and not the project what
the main concern of the thesis was. The underdeveloped lines
of inquiry are in fact items in an agenda of future research.
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3.5 - 3.8 [Following pages]
Top left: Detail of constructed
wetland and surroundings.
Bottom left: Aerial view show-
ing constrcuted wetland, insular
business district and both air-
ports.
Top right: Detail of northen pro-
gram cluster.
Bottom right: Aerial view of
northern cluster and western en-
ergy generating cluster.
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